Group B streptococci (GBS) comprising three different sets of isolates (31 invasive, 36 noninvasive, and 24 colonizing isolates) were collected in Italy during the years 2002 to 2005. Clonal groups were established by pulsed-field gel electrophoresis (PFGE), and selected isolates were studied by multilocus sequence typing (MLST). GBS isolates were also characterized by classical and molecular techniques for serotyping and protein gene and antibiotic resistance profiling. Some serotypes were significantly associated with a particular isolate population: serotype Ia more frequently corresponded to invasive strains than other strains, serotype V was more frequently encountered among noninvasive strains, and nontypeable strains were more common among isolates from carriers. Four major clonal groups accounted for 52.7% of all isolates: PFGE type 1/clonal complex 1 (CC1) comprised mainly serotype V isolates carrying the alp3 gene, PFGE type 2/CC23 encompassed serotype Ia isolates with the alp1 or alpha gene, PFGE type 3/CC17 comprised serotype III isolates carrying the rib gene, and PFGE type 4/CC19 consisted mainly of serotype II isolates possessing the rib gene. The same serotypes were shared by isolates of different clonal groups, and conversely, isolates belonging to the same clonal groups were found to be of different serotypes, presumably due to capsular switching by the horizontal transfer of capsular genes. Erythromycin resistance (prevalence, 16.5%; 15 resistant isolates of 91) was restricted to strains isolated from patients with noninvasive infections and carriers, while tetracycline resistance was evenly distributed (prevalence, 68.1%; 62 resistant isolates of 91). Most erythromycin-resistant GBS strains were of serotype V, were erm(B) positive, and belonged to the PFGE type 1/CC1 group, suggesting that macrolide resistance may have arisen both by clonal dissemination and by the horizontal transfer of resistance genes.
Streptococcus agalactiae (group B streptococcus [GBS] ) is one of the leading causes of neonatal sepsis and meningitis (2, 20, 32) . The colonization of the female genital tract with GBS is significantly associated with infections in neonates, and it should be carefully monitored. Moreover, GBS has also been recently recognized as an important pathogen in immunocompromised patients (12, 14, 37) . The first-line agent against GBS infection is penicillin, and penicillin resistance among GBS strains has not been reported so far (5) . However, for patients allergic to penicillin, macrolides (e.g., erythromycin) and lincosamides (e.g., clindamycin) are the alternative choices for the treatment of GBS infections. In the United States, the frequencies of resistance to erythromycin and clindamycin among GBS isolates have been reported to be approximately 37 and 17%, respectively (16) .
Two main mechanisms of erythromycin resistance in GBS isolates have been described previously (17, 25) . One mechanism is macrolide-specific efflux encoded by the mef(A)/mef(E) gene (macrolide [M] resistance phenotype). The other mechanism is a ribosomal modification mediated by a methylase encoded by the erm (erythromycin ribosome methylase) genes erm(B) and erm(A) [ (5) .
Capsular serotyping is the classic method for typing GBS in epidemiological studies. Based on their capsular polysaccharides, GBS isolates can be classified into nine different serotypes (Ia, Ib, and II to VIII), with serotypes Ia, II, III, and V being the predominant causes of human GBS diseases (11, 29) . In particular, the serotypes most commonly causing neonatal infections are Ia, III, and V (32), with the latter being the main serotype recovered from patients of all age groups, including nonpregnant adults (1, 19) .
Some of the best-characterized GBS protein antigens belong to the alpha-like protein (Alp) family, a class of surface proteins characterized by internal long identical tandem repeats. These proteins are named alpha, Alp1, Alp2, Alp3, Alp4, and Rib (28) . They are encoded by allelic genes presenting a mosaic structure with conserved 5Ј and 3Ј ends and a highly variable domain generated by intragenic recombination (24) . The possibility that these genes are part of mobile elements cannot be excluded because a surface protein, R28, highly homologous to Alp3 is present in some S. pyogenes strains (28) and a new Alp variant in a clinical S. dysgalactiae subsp. equisimilis isolate has been found previously (9) . Although Alp proteins are targets for protective antibodies in a mouse model of infection, the biological role of these proteins is still not fully understood. Recently, it has been demonstrated that alpha protein promotes S. agalactiae invasion of epithelial cells by interaction with host cell glycosaminoglycans (3, 4) .
Several molecular typing techniques for defining the clonal relatedness and studying the genetic population structures of GBS strains have been described previously. These include restriction fragment length pattern analysis, pulsed-field gel electrophoresis (PFGE), multilocus enzyme electrophoresis typing, and multilocus sequence typing (MLST) (13, 21, 27, 34) . MLST is the most reliable tool for typing strains with unambiguous results, easily allowing the comparison of genetic profiles of different strains recovered from all geographic areas (28, 39) . At least two major MLST-defined genetic lineages of GBS isolates of serotype III, sequence types (STs) 17 and 19, have been reported previously (26, 27) . Some data support the hypothesis that ST17 complex GBS strains are associated with enhanced invasiveness compared to other serotype III GBS isolates. The finding of more than one genetic lineage among serotype III GBS strains is indicative that the type III capsule of GBS is not associated with pathogenicity, which requires other factors (22) .
In this study, we characterized 91 GBS isolates belonging to three different sets, defined by isolation sources, by combining different epidemiological typing systems, such as classical serotyping, molecular serotyping, protein gene profiling, antibiotic resistance gene profiling, PFGE, and MLST.
(This work was presented in part at the VIIth ASM Conference on Streptococcal Genetics, Saint-Malo, France, 18 to 21 June 2006 [abstr. A130].)
MATERIALS AND METHODS
Strains and serotyping. During the years 2002 to 2005, 91 single-patient GBS isolates were collected from Italian hospitals, the majority as part of an Italian nationwide enhanced surveillance program. Three different sets of strains were considered: 31 invasive isolates, recovered from otherwise sterile body sites or samples, such as blood and cerebrospinal fluid; 36 noninvasive isolates, recovered from wound and abscess specimens, synovial fluid, and samples from patients with respiratory tract and urinary tract infections; and 24 colonizing isolates recovered from vaginal swabs, stools, and urine samples from healthy patients. Twelve subjects (13%) were neonates, all but one presenting with invasive infections. Of the strains from the adult patients, 20, 35, and 24 were invasive isolates, noninvasive isolates, and colonizing isolates, respectively. Clinical samples were plated onto defibrinated sheep blood agar plates, the plates were incubated at 37°C in 5% CO 2 , and beta-hemolytic colonies were isolated. Bacterial strain identification was confirmed by either the semiautomatic Phoenix system (Becton Dickinson) or the Dryspot streptococcal grouping kit (Oxoid). Serotyping was performed by immunodiffusion with specific rabbit anticapsular antibodies, and nontypeable (NT) GBS isolates were serotyped by molecular methods (30) .
Alpha-like protein (Alp) family. Surface protein markers were inferred by using a multiplex PCR for the direct identification of the Alp protein genes (7) . An additional primer (5Ј GCTTAAGGATAGCAACGAACCAAAA 3Ј) to discriminate between the alp2 and alp3 genes was introduced.
Erythromycin, clindamycin, and tetracycline resistance determinants. Resistance to erythromycin and clindamycin was assessed phenotypically both by the Etest (AB Biodisk, Solna, Sweden) for MIC determination and by the KirbyBauer double-disk diffusion method (6) to identify the constitutive, inducible, and M resistance phenotypes (18) . The presence of the resistance genes erm(A) [subclass erm(TR)], erm(B), and mef(A) was investigated (8) . Tetracycline resistance was determined both phenotypically by using the Etest and genotypically by studying the occurrence of the resistance genes tet(M) and tet(O) as previously described (36) . PFGE analysis. DNA was extracted as previously described (13) and digested with 40 U of SmaI. PFGE results were interpreted according to the criteria previously reported (35) . Isolates with indistinguishable PFGE patterns were assigned to identical PFGE subtypes. Isolates with five or fewer bands of difference were considered to be possibly related and assigned to the same PFGE type but different PFGE subtypes. Isolates with more than five bands of difference were considered to be unrelated and were identified as different PFGE types. Dice's coefficient was used to determine the similarity between each banding pattern, and a dendrogram was constructed by using the unweighted-pair group method with arithmetic averages with a tolerance coefficient of 1.5%. DNA from six strains was not digested by SmaI.
MLST. Selected isolates representative of the major PFGE clonal clusters were studied by MLST performed as previously described (21) . Partial sequences of seven housekeeping genes were obtained, and alleles were classified according to the MLST website criteria (http://pubmlst.org/sagalactiae/). For each isolate, an ST was defined according to the unique allelic profile observed. Isolates were assigned to one of the previously described clonal complexes (CCs) if they shared five or more alleles with the predominant ST in that CC (29) .
Statistical analysis. Categorical data were compared by using the Pearson chi-squared test. The analyses were carried out with the SPSS statistical analysis package (version 14.0 for Windows). P values below 0.05 were considered statistically significant.
RESULTS
Serotyping and surface protein profile. All 91 GBS isolates were serotyped by conventional phenotypic methods, and in the case of nontypeability, they were subjected to molecular serotyping (30) . Nonetheless, 15 strains still yielded the result NT, failing to give any amplification of the cps locus by the molecular method. Overall, the most represented serotypes encountered were types III (21 isolates), Ia (16 isolates), V (14 isolates), and II (13 isolates). Serotypes Ib, IV, and VII were represented by five, three, and four strains, respectively. No strains of serotype VI and VIII were found. Although all serotypes were distributed among the three categories examined, some serotypes were significantly associated with a particular population ( Table 1 ). The incidence of serotype Ia among invasive strains (29%) was higher than that among noninvasive strains (13.9%) or colonizing strains (8.3%; P Ͻ 0.05); serotype V was more frequently encountered among noninvasive strains (25%) than among the invasive and colonizing populations (12.9 and 4.2%, respectively; P Ͻ 0.05). NT strains were significantly more common among the isolates from carriers (29.1%; P Ͻ 0.05), and serotype III was also more common among this group (33.3%) than among the other groups, although not significantly so (P Ͼ 0.05). The presence of a particular surface Alp protein in relation to the serotype was also noted ( PFGE type/ST clonal groups. Eighty-five isolates were genotyped by PFGE, and selected isolates representative of the major PFGE clonal clusters were subjected to MLST. A total of 34 different PFGE types were observed, including 11 PFGE types that grouped two or more isolates (Table 3 ) and 23 unique PFGE types (Fig. 1) . One PFGE type consisting of six isolates whose DNA was not digested (PFGE type 35) was also found (data not shown).
Four PFGE type clonal groups (types 1, 2, 3, and 4) accounted for 48 GBS isolates (52.7%) ( Fig. 1 and Table 3 ). The PFGE type 1 clonal group consisted of eight PFGE subtypes and comprised 17 isolates, of which 12 were of serotype V, 1 was of serotype IV, and 4 were NT. Ten of 17 isolates belonging to this group were from patients with noninvasive infections. All but one isolates harbored the alp3 surface protein gene (Table 3) . Two representative isolates of serotype V and the isolate of serotype IV were used for MLST analysis. Serotype V isolates exhibited ST1, and the serotype IV isolate displayed ST196, a double-locus variant (DLV) of ST1 ( Fig. 1 and Table 3 ). Both isolates belonged to CC1 ( Table 3 ). The PFGE type 2 group, with six different PFGE subtypes, was represented by 13 isolates comprising 12 isolates of serotype Ia and 1 NT isolate. Six, five, and two isolates were invasive, noninvasive, and colonizing strains, respectively. Eight isolates carried the alp1 gene, and five isolates carried the alpha gene. These isolates corresponded to the clone ST24, an ST belonging to CC23 (Table 3 ). The last two major groups, the PFGE type 3 and type 4 groups, comprised nine isolates each. The PFGE type 3 clonal group comprised only serotype III isolates carrying the surface protein gene rib and was subdivided into seven PFGE subtypes sharing ST17 (CC17) (Fig. 1 and Table  3 ). Three strains were isolated from patients with invasive (Table 3) . A small clonal group, the PFGE type 6 group, represented by two serotype III strains carrying the surface protein gene rib, was also included in the MLST analysis. A representative isolate of PFGE type 6 exhibited ST19 ( Fig. 1 and Table 3).
Among the 11 multiple-strain PFGE groups, 3 contained GBS isolates of different serotypes (Table 3) . PFGE type 1 was represented by isolates of serotypes IV and V, PFGE type 4 comprised serotypes II and III, and PFGE type 8 comprised serotypes Ia and II (Table 3) . Moreover, five PFGE groups (PFGE types 1, 2, 9, 10, and 11) included both isolates with specific, well-defined serotypes and NT isolates (Table 3) .
Among the most prevalent serotypes encountered, serotype III was found to contain the highest degree of genetic variability, with 12 distinct PFGE types among 21 GBS isolates displaying this serotype (Fig. 1) .
Macrolide resistance phenotypes and genotypes and tetracycline resistance genes. Erythromycin resistance was possessed by 16.5% of the strains (15 of 91). Although the macrolideresistant strains clustered into seven different PFGE groups, 9 of 15 resistant isolates (60%) belonged to the PFGE type 1/CC1 group and were isolated from patients with noninvasive infections (8 isolates) and carriers (1 isolate). The remaining six macrolide-resistant strains were also isolated from patients with noninvasive infections (three isolates; PFGE types 25, 31, and 33) and carriers (three isolates; PFGE types 7, 17, and 19) ( Fig. 1 and Fig. 1 and Table 3 ).
The pattern of tetracycline resistance was diffuse (frequency, 68.1%; 62 of 91 strains), all tetracycline-resistant isolates harbored the tet(M) gene, and 11 of these isolates also carried the tet(O) gene (data not shown).
DISCUSSION
In the present study, invasive, noninvasive, and colonizing isolates of GBS were serotyped and characterized by their surface-associated proteins and antibiotic resistance genes. The clonal relatedness of isolates was established by using PFGE and MLST. This is the first study dealing with the molecular characterization of GBS isolates in Italy.
GBS strains showed a high degree of genetic diversity, with 34 distinct PFGE types and 1 PFGE profile corresponding to strains with undigested DNA. Nonetheless, 52.7% of the isolates belonged to four major clonal groups, PFGE type 1/CC1, PFGE type 2/CC23, PFGE type 3/CC17, and PFGE type 4/CC19. The major clonal group was PFGE type 1/CC1, represented by 17 isolates and distributed among serotypes V and IV and NT isolates. Representatives of this group displayed ST1, and the only serotype IV isolate exhibited ST196, a DLV of ST1. NT isolates closely related to type V isolates, as determined by PFGE, have been described previously (1), and NT isolates ultimately classified as ST1 in the present study have been previously reported to carry the capsular polysaccharide synthesis-specific gene characteristic of serotype V (35) . Indeed, isolates of serotypes IV and V have been previously described as belonging to CC1 (29) . The second most prevalent clonal group, PFGE type 2/CC23, was represented by isolates of serotype Ia. These isolates corresponded to ST24, a DLV of ST23, widely described as one of the most important genetic lineages among GBS strains causing human infections and associated mainly with serotype Ia (22, 29) . The remaining two major clonal groups were PFGE type 3/CC17 and PFGE type 4/CC19. Isolates belonging to PFGE type 3 were of serotype III and ST17 (CC17). Isolates corresponding to ST17 are considered to be more virulent than other GBS isolates (22, 27, 29) . Isolates belonging to PFGE type 4/CC19 were of serotype II (eight strains) and serotype III (one strain). Three different STs, ST28, ST182, and ST267, single-locus variants (SLVs) or DLVs of ST19, were found. ST19 has previously been found mainly among isolates of serotype III but also among isolates of serotype II (29) , mostly from colonized infants (27) . It has been observed previously that GBS isolates belonging to certain clonal groups, such as ST1, ST17, ST19, and ST23, are the main causes of human infections (29, 35) . We also found the corresponding CCs to be the predominant ones recovered from infected or colonized humans in Italy. The distribution of capsular serotypes has previously been documented to vary geographically (11, 15, 23, 42) . Among the 91 GBS strains studied, all capsular serotypes except VI and VIII were found. Although the small number of strains in each population will necessitate future confirmation of the results, a significant association between some serotypes and the source of isolation was noted. Serotype V was more commonly isolated from patients with noninvasive infections, serotype Ia was associated with invasive infections, and NT strains were more frequently encountered among carriers.
The proportion of NT strains encountered in this study was considerable (15 of 91 strains), and these strains comprised mainly carrier isolates. However, by using molecular serotyping methods enabling the specific amplification of only one representative gene for each serotype (33) , four NT strains gave an amplicon having reference to serotype V (all belonging to the PFGE type 1/CC1 group), three strains yielded an amplicon indicating serotype Ia, two strains gave products suggestive of serotype Ib, and one strain could be assigned to serotype VII (data not shown).
NT strains presenting the type V capsular polysaccharide synthesis-specific gene, the alp3 gene, and ST1 have been described previously, some as presenting multiple serotypes and insertion elements in the cps locus (35, 36) . The possibility that the PFGE type 1/CC1 group in the present study may also include such atypical serotype V strains is intriguing and merits further investigation. However, we believed it was more appropriate to maintain the strains from which a single cps gene was typed in the category of NT strains to distinguish them from those expressing the capsule or possessing a complete cps operon. Serotype III was the predominant type, with 21 GBS isolates. Among the GBS isolates, the same serotypes were shared by isolates of different genetic lineages, and this finding may be ascribed to the phenomenon of horizontal transfer of capsular genes (22, 31) . In this investigation, 12 different PFGE types were found for GBS isolates of serotype III. Different genetic lineages of GBS isolates of serotype III have been identified in previous epidemiological studies. Isolates of serotype III have been extensively studied since this serotype has been proven to be associated with infections in infants (19) . Similar to serotype III isolates, each of the other serotypes found in this study was distributed among a few divergent groups as defined by PFGE.
Clonal groups shared by different serotypes were also noted. In addition to the five PFGE types shared by isolates with specific serotypes and NT isolates, three PFGE types, 1, 4, and 9, included isolates belonging to different serotypes. In a recent study on the characterization of invasive GBS isolates from Sweden by MLST, the observation of a number of STs corresponding to isolates of different serotypes was explained by the occurrence of a genetic transfer of the capsular genes (29) . The capsular switching by the horizontal transfer of capsular operons between GBS isolates of different serotypes is likely driven by the host immune response and supported by the increased fitness acquired by isolates showing specific phenotype-genotype combinations.
It has been hypothesized previously that the diffusion of strains of particular surface protein profiles and serotypes reflects the selection of the best evolutionary lineages by the immune system (28) . Our study may confirm this hypothesis: the four major CCs comprised isolates presenting serotypesurface protein gene combinations (type V-alp3, type Iaalp1 or -alpha, and type II-or III-rib) repeatedly reported worldwide (28, 34) . Nonetheless, some less frequent combinations (serotype III-alp1, serotype III-alp2, serotype IIIalpha, and serotype Ia-or II-alp2) were observed in this study, suggesting that new successfully selected clones may be emerging.
A total of 15 macrolide-resistant GBS strains (16.5%) were isolated, from both patients with noninvasive infections and carriers. All erythromycin-resistant isolates exhibited one of the resistance genotypes studied, with the erm(B) genotype being the predominant one: it was always associated with the cMLS B resistance phenotype (11 isolates), while isolates carrying the erm(A) [subclass erm(TR)] gene exhibited the cMLS B resistance phenotype (2 isolates) or the iMLS B resistance phenotype (1 isolate).
It could be hypothesized that macrolide resistance has arisen and spread both by clonal dissemination and by the independent acquisition of resistance genes by different genetic lineages. In fact, 9 of 15 erythromycin-resistant isolates were of serotype V and belonged to the PFGE type 1/CC1 clonal group, and all but one carried the erm(B) gene. Interestingly, all nine of these resistant isolates were from patients with noninvasive infections; the serotype V-PFGE type 1/CC1 strains isolated from patients with invasive infections and carriers were sensitive to macrolides.
Serotype V has emerged recently as a cause of human disease with a high propensity to acquire macrolide resistance and spread throughout the population (1, 13) . Other studies have also identified serotype V GBS isolates associated with erythromycin resistance (10, 26, 41) . Moreover, a study from Korea showed that the most prevalent serotype of the erythromycinresistant GBS strains examined was type V, with all the isolates harboring the erm(B) gene (40) . Conversely, a study aiming at the evaluation of the antimicrobial resistance genes and the distribution of serotypes among human and bovine GBS isolates revealed the clonal spread of serotype V isolates resistant to erythromycin that carried mostly the erm(A) [subclass erm(TR)] gene (11) .
The majority of isolates included in this study harbored the tetracycline resistance tet(M) genotype. We observed that all macrolide-resistant GBS isolates of the PFGE type 1 group carrying the erm(B) gene also harbored the tet(M) gene. The contemporary presence of both erm(B) and tet(M) may represent the consequence of a horizontal gene transfer event. Supporting the importance of this mechanism, Seral et al. (38) reported the identification of tet(M) and erm(B) genes on the same conjugative transposon, Tn1545, in S. pneumoniae.
In conclusion, the present study demonstrated that, despite the high degree of genetic diversity observed, more than half of the GBS isolates clustered into four major clonal groups. A strong correlation among clonal types, serotypes, surface-associated proteins, and resistance genes of the GBS isolates could be detected, indicating that, at least among the majority of macrolide-resistant GBS strains, clonal spread has occurred.
